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Introduction
Since the start of the transformation process, the productivity of the industrial sector has been regarded as a crucial determinant of economic development and wealth in Central and Eastern We extend the literature on the Balassa-Samuelson effect in Central and Eastern Europe in two regards. First, we take into account that financial markets have gained a prominent role for the economic development of emerging market economies compared to the 1960s. We therefore augment the seminal goods market based Balassa-Samuelson model by capital markets. The additional availability of foreign capital via portfolio investment and foreign direct investment (FDI) is likely to accelerate the catch-up of productivity and prices.
Second, we acknowledge the fact that international capital markets have tended to be highly cyclical. While Balassa (1964) and Samuelson (1964) interpreted the economic catch-up process as an equilibrium phenomenon (which does not affect international competitiveness and the current account balance), we take into account the seminal overinvestment theories of Hayek (1929) and Wicksell (1898) to model fluctuations in the real exchange rate, international competitiveness and current account balances in the Central and Eastern Europe.
As will be shown, our twofold innovation helps to trace the most recent boom and bust cycle in Central and Eastern Europe. While open capital markets have accelerated the catch-up process, the credit boom in some Central and Eastern European countries has led to rising current account deficits which can be associated with declining competitiveness and vulnerability to crisis. The results of our panel estimation exercise provide some indication for an impact of capital inflows on the competitiveness of the Central and Eastern European countries as well as a mitigating impact of capital flows on the original Balassa-Samuelson effect.
The Balassa-Samuelson model augmented with capital markets
Previous research has intensively discussed the impact of the economic catch-up process on inflation and competitiveness in emerging market economies. The seminal BalassaSamuelson supply-side hypothesis (Balassa 1964 , Samuelson 1964 has been augmented by demand-side effects (Bergstrand 1991 ) and other issues including quality improvements (Égert and Podpiera 2008) . Less attention has been paid to the role of international capital markets for inflation and competitiveness in countries which find themselves in an economic catch-up process.
The baseline Balassa-Samuelson model
In the 1960s, Balassa (1964) and Samuelson (1964) observed that fast growing emerging markets, much the same as today the Central and Eastern European economies, experienced higher productivity gains in the tradable sector than industrial countries. At the same time higher consumer price inflation contributed to a secular "catch-up" of general price levels.
The real convergence process as it is currently observed in Central and Eastern Europe was linked to nominal convergence in terms of consumer price levels and, given fixed exchange rates, a real appreciation of the domestic currencies. Given that the Balassa-Samuelson effect had also an impact on prices and the real exchange rate it can be linked to issues of international competitiveness.
The basic version of the Balassa-Samuelson model is a two-country model with a tradable goods (industry) and a non-tradable goods (service) sector as described by De Grauwe and Schnabl (2005) . Balassa (1964) and Samuelson (1964) assumed perfect competition in the tradable goods markets as represented by purchasing power parity and perfect mobility in national labour markets, but with no international labour mobility. However, competition between the non-traded goods sectors of the two countries and between the traded and nontraded goods sector in domestic markets was supposed to be absent.
In the following, we assume that the production of traded and non-traded goods in each country is based on two Cobb-Douglas production functions for the traded goods sector T and the non-traded goods sector NT:
with 0 < γ i < 1 and i = T, NT
In equation (1) 
) must correspond to the real wage in the respective sector which is defined as the nominal wage divided by the price level of the respective goods:
Nominal wages in the traded and non-traded sectors are supposed to be equal as perfect labour mobility between the traded and non-traded sector is assumed ( [ ]
As long as productivity in the traded goods sector is growing faster than in the non-traded goods sector, prices in the non-traded goods sector rise relative to prices in the traded goods sector. Overall inflation can be assumed to be a composite of traded and non-traded goods with the weights α and (1-α):
Given equations (4) and (5), the domestic price level is a function of the domestically-traded goods price level and the productivity growth differential between the traded and non-traded goods sector. With constant traded goods prices
inflation is driven by relative productivity increases of traded goods versus non-traded goods.
[ ]
The impact of international goods markets can be modelled based on the assumption by Balassa (1964) and Samuelson (1964) Under a fixed exchange rate regime (ê=0) the exchange rate term drops out and domestic inflation would be solely driven by domestic productivity development and price development in world markets. Under flexible exchange rates, exchange rate changes would constitute a pivotal additional determinant of domestic inflation.
Capital markets and a new equilibrium path
The Balassa-Samuelson model is a pure goods market model. Productivity increases are assumed to be exogenous and driven by domestic capital formation. This assumption was realistic during the Bretton-Woods system when international private capital flows were strongly restricted. Current account deficits were mainly subject to government financing, and therefore usually not sustainable and small. In contrast to the emerging markets in the 1950s, investment and productivity in Central and Eastern Europe up to the 2008/09 crisis has been driven by substantial capital inflows from the highly developed, low interest rate euro and dollar capital markets via foreign direct investment and bank lending. 4 This has been reflected in rising current account deficits.
Introducing capital markets into the Balassa-Samuelson model modifies the adjustment mechanism in two ways. First, because capital markets in emerging market economies are shallow, underdeveloped and rather closed (Eichengreen and Hausmann 1999) , capital tends to be scarce which constitutes a bottleneck for domestic productivity increases, growth, and economic development. Opening up to international capital markets is equivalent to providing a higher supply of capital at a substantially lower interest rate. Portfolio investment and inflows of bank credit allow upgrading the domestic production technologies and investment in new production sites. The inflow of FDI is equivalent to substituting relatively inefficient production sites by leading edge production technologies. In both cases labour productivity and overall productivity increases.
Second, in the context of the Balassa-Samuelson framework the direction of wage and productivity adjustment may change. For instance, Goretti (2008) observes for Central and Eastern Europe that wage increases originated in the non-traded goods sector and were followed by wage increases in the traded goods sector. In the Central and Eastern European countries capital inflows may reflect privatizations receipts as public enterprises are sold off to international investors. The privatization receipts would allow for public sector wage increases which would trigger wage adjustment in the other parts of the non-traded goods sector and in the traded goods sector. The wage increase in the traded goods sector would then -given constant world market prices -necessitate productivity increases in the traded goods sector to maintain international competitiveness. The direction of the adjustment process of wages and productivity is reversed.
As experienced by Central and Eastern European countries, international capital inflows have been targeting in the first place the industrial (tradable goods) sector as well as the nontradable sector such as the banking sector. Generally the capital inflows into the region have contributed to productivity increases in both sectors by providing more efficient production technologies and management knowhow than in a setting without international capital markets. The assumption of Balassa (1964) and Samuelson (1964) that the potential for productivity increases in the traded goods (industrial) sector is higher than in the non-traded goods (services) sector can be maintained, as the potential for productivity increases in the non-traded and traded goods sector remains unchanged under both environments
This is confirmed by Figure 1 which shows the average productivity increases in the traded and non-traded sectors of eleven Central and Eastern European countries. To decompose overall productivity increases into productivity increases originating from domestic capital formation and those which stem from capital inflows we split sectoral output in domestic 5
The subscript "cap" denotes that the Balassa-Samuelson model is extended to capital markets.
-7 -driven output and foreign capital inflow related output. Relative labour productivity increases Given capital inflows, domestic inflation should be higher than in an economy with a closed capital account ( p p cap> ). The coefficient b dom is equal to (1-α)c and b cap is equal to (1-α)d (see Annex for derivation) with both being positive constants. Adding capital inflows to the model implies in the first place a disequilibrium between current account and financial account, because the net capital inflows would not fully be used for purchases of foreign goods. Yet, the relative price increase of non-traded goods shifts demand from non-traded to traded goods and the current account and the financial account will be balanced. 
The real appreciation of the emerging market currency during the economic catch-up process as reflected by the negative sign of the left hand side of equation (8) In the following, changes in international competitiveness are defined as wage increases higher than productivity increases and are linked to rising current account deficits and cyclical fluctuations in international capital inflows.
Changes in international competitiveness
Lindbeck (1979) linked the domestically driven wage bargaining process of Balassa (1964) and Samuelson (1964) to international goods markets. He assumed in line with equation (1) that trade unions in the traded goods sector of countries in the economic catch-up process do not negotiate wage increases higher than productivity increases and world market inflation.
By doing this they help to maintain the competitiveness of the domestic export industry (and therefore prevent rising unemployment). In contrast, in emerging markets with buoyant capital inflows wages may rise above domestic productivity increases.
If nominal wages in the traded and non-traded sectors are assumed to be equal due to perfect labor mobility between sectors this yields:
In equation (12) The gradual deviation of the real exchange rate from the productivity-driven path is modelled in Figure 3 . The consequence of a real appreciation beyond what would be justified by relative productivity increases is a deteriorated current account position which is fuelled by capital inflows. 
Cyclical fluctuations in competitiveness
A deviation of the productivity driven real appreciation path as modelled in Figure 3 can not go for ever as the underlying investment would turn out to have a low or negative profitability.
Capital inflows that nurture wage increases instead of productivity increases would be reversed and competitiveness would have to be restored via nominal exchange rate depreciation or real wage cuts. This suggests cyclical deviations from the real appreciation path.
Such cyclical deviations from this productivity-driven real appreciation path may occur ifgiven sound macroeconomic fundamentals and/or low interest rate levels in the international capital markets -buoyant international capital inflows contribute to brisk monetary expansion, fast rising credit growth and overinvestment. In particular, as international capital markets in emerging market economies are underdeveloped, buoyant and excessive capital inflows can be easily reversed when economic sentiment changes. Then, euphoric investment booms, wage hikes, and fast real appreciation are followed by severe recessions, real wage cuts, and real depreciation. Inflation in Central and Eastern Europe has not only tended to be higher 
Figure 6 -Cyclical deviation of the real exchange rate from its productivity-determined equilibrium
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Empirical Analysis
In sections 2 and 3 we have argued that relative productivity changes during the economic catch-up originate in domestic capital formation as well as in capital inflows. Previous empirical research on the Balassa-Samuelson effect in Central and Eastern Europe (see for instance Ègert 2009) has mainly focused on the seminal goods market based model. We aim to extend this research by adding proxies for capital inflows. Our estimations will reveal a significant impact of capital inflows for inflation in the region.
Data and estimation framework
We empirically test our model as formulated in equation (9) which explains consumer price inflation in Central and Eastern Europe by inflation in the euro area tradable goods sector, variations of nominal exchange rate and relative productivity changes in the tradable and nontradable sectors. We isolate the role of capital flows by adding an interaction term to relative productivity increases to split overall productivity growth into relative productivity growth driven by domestic capital formation and relative productivity growth caused by capital inflows. We base our empirical analysis on a dynamic panel of annual data for eleven Central and Eastern European countries. 9 Additional to the Central and Eastern European EU member countries, we include Croatia as EU candidate country with data being available. Our data set covers the period from 1996 to 2008. The data prior to the year 1996 are very fragmented which limits the number of observations. We are aware of the fact that the degrees of freedom are low, but quarterly data are not available for sectoral productivity. and real interest rate changes. As capital flows in, real interest rates are expected to fall.
The empirical estimation is based on the theoretical framework as summarized in equation (9) and the discussion of section 3. The coefficient 1 β captures the impact of euro area traded goods prices on inflation, whereas 2 β measures the influence of exchange rate movements.
To decompose overall relative productivity growth into domestically driven and capital inflow-induced productivity growth, we add an interaction term. 13 μ is the white noise error term: Table 1 ). Therefore, the results concerning the financial account have to be treated with caution.
12 BIS data of consolidated foreign claims of European commercial banks against banks in Central and Eastern Europe. 
Panel Unit Root Test
Note: Lag selection has been conducted using the modified Hannan-Quinn criterion, allowing for an individual intercept.
14 Entries are p-values. display the expected sign and are statistically significant at the common significance levels.
Estimation Results
However, the coefficients are larger/smaller than unity, indicating more than complete / incomplete pass-through from foreign export prices and exchange rates to domestic prices. This is in line with a recent paper by María-Dolores (2009). In a second step, we add the different proxies for capital inflows and the interaction term. The impact of the German export prices and exchange rates on domestic inflation in Central and Eastern Europe remains 14 A variation of the lag selection criteria as well as estimating the regression equation without intercept and trend or without trend does not change the results significantly.
robust, but the proxies for capital inflows and the interaction term are mainly insignificant.
This suggests weak evidence for the Balassa-Samuelson effect. Robust standard errors are reported in parentheses. *, ** and *** indicate significance at 10%, 5% and 1% level.
We conduct two robustness checks. First, the data basis for productivity in the emerging market economies' non-tradable sectors is thin and data may not be very reliable. Therefore, we assume that productivity growth in the service sector is zero. The results of this exercise are reported in Table 3 . Again, the estimated coefficients of export price inflation ( 1 β ) and the nominal exchange rate ( 2 β ) turn out to be statistically significant at the common significance levels. Now, in five out of six specifications productivity growth ( 3 β ) has the expected sign and is significant at the common levels (columns 7, 8, 9, 10, and 12).
In some specifications the capital inflow induced ( 4 β ) productivity effect turns out to be significant with productivity driven inflation declining as capital flows in. 15 This may indicate that capital inflows reduce productivity increases and simply feed into inflation via -for instance -wages increases. In the spirit of the overinvestment theories one could argue that capital flows have a negative impact on productivity increases which reduces the overall Balassa-Samuelson effect. Instead prices are inflated by capital inflows as indicated by the coefficient 5 β , the price increases which are not backed by productivity increases would erode the international competitiveness as indicated by rising current deficits. Net private capital inflows and real interest rate cuts contribute to rising inflation. Third, we weight productivity growth of the tradable and non-tradable sector by sector employment (emp) to account for different sector size. 16 The estimation results are reported in Table 4 . Export price inflation ( 1 β ) and nominal exchange rates Robust standard errors are reported in parentheses. *, ** and *** indicate significance at 10%, 5% and 1% level. Robust standard errors are reported in parentheses. *, ** and *** indicate significance at 10%, 5% and 1% level. 17 Complementarily, we also weighed the capital inflow variable with a proxy of union power to evaluate whether union power affects the direct effect of capital inflow on inflation. High union power is assumed to elevate wage increases above what is justified by productivity growth, which further increases inflation and would deteriorate competitiveness. We proxied union power by the number of strike days. However, limited data availability led to unstable estimation results. Robust standard errors are reported in parentheses. *, ** and *** indicate significance at 10%, 5% and 1% level.
Conclusions
The new member states and EU candidate countries face the challenges of achieving low inflation and exchange rate stability against the euro during their real convergence process.
Although the uncertainty concerning the scope and transmission channels of the Balassa- Nevertheless, it turns out that it is difficult to disentangle the reasons for the catch-up of productivity and prices. Prices may catch-up due to productivity increases originating in domestic or international capital formation. International capital inflows, however, incorporate the risk that they feed directly into inflation thereby causing departures of the real exchange rate from the productivity driven appreciation path.
Our empirical analysis confirms to some extent that capital inflows are an important determinant of inflation in the region. This impact may cover both capital inflows which contribute to productivity-driven inflation and capital inflows which are translated directly into inflation and are not backed by respective productivity gains. Our estimations can be seen as an approach to capture the cyclical capital inflows which may contribute to nonproductivity backed in flation and therefore to a structural loss in competitiveness.
Annex Derivation of Equation 9
We assume that the production of each sector (traded and non-traded goods sectors) can be subdivided into two production functions. One part depends on domestic capital and technology (denoted by dom) and the second one depends on capital inflows (denoted by cap): 18 As γ T and γ NT are larger than zero and smaller than unity. 19 As ρ T and ρ NT are larger than zero and smaller than unity.
